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 Abstract 
Parasite surfaces support multiple functions required for survival within their 
hosts, and maintenance and functionality of the surface depends on membrane 
trafficking. To understand the evolutionary history of trypanosomatid trafficking, 
where multiple lifestyles and mechanisms of host interactions are known, we 
examined protein families central to defining intracellular compartments and 
mediating transport, i.e. Rabs, SNAREs and RabGAPs across all available Euglenid 
genomes. Bodonids possess a large trafficking repertoire, mainly retained by the 
cruzi group, with extensive losses in other lineages, particularly African 
trypanosomes and phytomonads. There are no large-scale expansions or 
contractions from an inferred ancestor, excluding direct associations between 
parasitism or host range. However, we observe stepwise secondary losses within 
Rab and SNARE cohorts (but not RabGAPs). Major changes are associated with 
endosomal and late exocytic pathways, consistent with the diversity in surface 
proteomes between trypanosomatids and mechanisms of interaction with the host. 
Along with the conserved core family proteins, several lineage-specific members of 
the Rab (but not SNARE) family were found. Significantly, testing predictions of 
SNARE complex composition by proteomics confirms generalised retention of 
function across eukaryotes.   
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 Introduction 
Membrane trafficking mediates delivery of macromolecules to discrete 
intracellular compartments from the site of uptake or synthesis. Trafficking is 
essential to nearly all eukaryotic cells, contributing towards nutrient acquisition, 
protein processing and turnover, and in multicellular organisms also participates in 
higher order tissue organization. The importance of membrane transport is reflected 
in the many diseases associated with trafficking, including diabetes, Alzheimer’s 
disease and cystic fibrosis (Birault et al., 2013; Olkkonen and Ikonen, 2006; 
Rajendran and Annaert, 2012; Seixas et al., 2013). Development of membrane 
trafficking was likely a major evolutionary driver enabling the transition from 
prokaryotic to eukaryotic cells (Field et al., 2011; Dacks et al., 2016). For many 
pathogens trafficking has special relevance in maintaining the host-parasite 
interface, the cell surface and both the surface and underlying trafficking apparatus 
are intimately connected with immune evasion, pathogenesis and life cycle 
progression (Manna et al., 2013). 
 Membrane transport requires vesicle formation, translocation, tethering, 
docking and fusion to release cargo (Bonifacino, 2004), with coordinated action by 
Rab and ARF GTPases, coat complexes, tethers and SNAREs. Members of these 
paralogous families encode specificity for individual transport events to define 
organelles; evolutionary reconstructions suggest stepwise evolution from a simpler 
ancestral system before the last eukaryotic common ancestor (LECA) (Devos et al., 
2004; Devos et al., 2006; Dokudovskaya et al., 2006; Field and Dacks, 2009; 
Schlacht et al., 2014). A conserved core of Rab, Rab-GAP and SNARE proteins has 
been derived by reconstructing eukaryotic evolutionary history and broadly supports 
this model (Arasaki et al., 2015; Diekmann et al., 2011; Elias et al., 2012; Kienle et 
al., 2009a; Vedovato et al., 2009; Yoshizawa et al., 2006). Beyond this are examples 
of lineage-specific features in the ESCRT system, sortillins and ARF GTPases in 
metazoans (Field et al., 2007; Gabernet-Castello et al., 2013; Leung et al., 2008). In 
parasitic organisms, adaptin complexes, important cargo selectors which are 
otherwise well conserved in most lineages, are rather variable, possibly connected to 
specific adaptation (Woo et al., 2015). 
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 Kinetoplastids are unicellular flagellated protists within the supergroup 
Excavata, and include free-living species and parasites that cause many important 
human diseases, together with species afflicting animals and plants. Kinetoplastids 
exhibit varied life-styles, host range, distribution and specialisations over long 
evolutionary periods. Further, kinetoplastid surfaces are highly divergent between 
lineages, likely reflecting specialisations within membrane transport (Gadelha et al., 
2015; Manna et al., 2013). More remarkable is the highly distinct nature of the 
proteins and glycoconjugates present at the cell surface, with recent data indicating 
that many surface proteins are restricted to the kinetoplastids (Adung’a et al., 2013; 
Field et al., 2007; Jackson 2016; Gadelha et al., 2015). All of these features can be 
anticipated as leaving an imprint in the evolutionary history of the trafficking system. 
To address how kinetoplastid trafficking pathways evolved, we examined the 
representation of Rabs, RabGAPs and SNAREs, across all currently available 
genome/transcriptome resources. 
 SNAREs, mediators of membrane fusion, possess a characteristic domain, 
and are classified as Q- or R-SNAREs (Bock et al., 2001; Fasshauer, 1998). 
Typically, three Q- (a, b or c) and one R-SNARE form a complex. The complement of 
Qa and R-SNAREs in the LECA has been established with broad taxonomic 
sampling (Arasaki et al., 2015; Vedovato et al., 2009), but the Qb and Qc families 
were only assessed by comparative genomics nearly a decade ago, using the limited 
sampling of genomes then available (Kloepper et al., 2007; Yoshizawa et al., 2006) 
and warrant re-examination to solidify definition of the LECA complement. It is key to 
have a robust estimate of the overall SNARE complement in the LECA as the 
starting point from which we assume kinetoplastids evolved. Rabs are small 
GTPases and well established markers of organellar identity (Brighouse et al., 2010; 
Pereira-Leal and Seabra, 2001). A broad repertoire of ~23 Rabs are predicted in the 
LECA (Elias et al., 2012). With the exception of metazoa and vascular plants, where 
great expansion is evident, Rab proteins have evolved mainly through small scale 
expansions and secondary losses, plus emergence of novel paralogs (Elias et al., 
2012; Klöpper et al., 2012). Rabs are regulated by GTPase-activating proteins 
(GAPs), the majority of which possess a Tre-2/Bub2/Cdc16 (TBC) Rab-binding 
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 domain. LECA possessed about ten TBC subtypes and subsequent expansions has 
included domain swapping (Gabernet-Castello et al., 2013). The greatest number of 
TBC innovations are in animals and fungi, although novel subclasses are present in 
a wide range of lineages. Detailed analysis of both Rab and SNARE repertoires in 
fungi indicates a simple set with minimal variations between different lineages, 
despite major diversity in morphology and transitions between single and 
multicellular forms, albeit with evidence for minimization in some species (Kienle et 
al., 2009b; Pereira-Leal, 2008).  
 
Methods 
Sequence data collection:  
To identify SNARE sequences, a validated dataset of 26 predicted SNARE 
sequences obtained for T. brucei (Murungi et al., 2014) and 27 sequences from L. 
major (Besteiro et al., 2006) were used to query predicted proteomes for 
Trypanosoma brucei brucei 927, T. b. gambiense, T. congolense, T. vivax, T. cruzi, 
T. grayi, Leishmania major, L. mexicana, L. braziliensis, L. infantum, Bodo saltans, 
Phytomonas serpens, Phytomonas EM1, Phytomonas HART1 
(http://www.genedb.org/ or TriTrypDB) and the heterolobosid Naegleria gruberi 
(Fritz-Laylin et al., 2010) (http://genome.jgi.doe.gov/Naegr1) by BLAST. tBLASTp 
was used to search transcriptome data from T. theileri, T. carassii, Trypanoplasma 
borrelli, and Euglena gracilis (unpublished, SK and MCF). All sequences returned 
with e-values < 10-3 were retained. This dataset was parsed to remove redundancies 
using >99% sequence identity as criteria for exclusion. ClustalW (Thompson et al., 
2002) was used to align each dataset and generate neighbour-joining (NJ) trees 
(Saitou and Nei, 1987). Sequences which were excluded or weakly clustering were 
validated for a SNARE domain via Interpro (Hunter et al., 2009, 
http://www.ebi.ac.uk/interpro) and SNARE-DB (Kloepper et al., 2007,  
http://bioinformatics.mpibpc.mpg.de/snare/index.jsp). Sequences incorporating a 
SNARE-domain (SNARE, t/v-SNARE, sec20, syntaxin, longin, synaptobrevin) were 
retained. Sequences in which no domain was detected but were between 70 and 
500 residues were also retained. 
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 A pfam Ras domain (PF00071) HMMSCAN (Eddy, 1998) (http://hmmer.org) 
search was conducted against 50 eukaryotic proteomes, including those listed above 
to identify Rabs. Sequences with e-values <10-3 were retained and used to generate 
a NJ tree. Kinetoplastid Rab candidates were identified and tentatively assigned on 
the basis of association with defined Rab sequences. One sequence from each 
cluster was used as query to define the cluster by reciprocal best hit (rbh) BLAST 
and another round of rbhBLAST performed using sequences from the first round as 
queries. Rbh requires that potential positive hits retrieve the original query when 
used to search. The tree was annotated accordingly to verify initial assignments. 
Additionally, assignments were made using Rabifier (Diekmann et al., 2011). All 
collected kinetoplastid sequences were classed as either a tentative Rab subfamily 
member or as stray. Identical procedures were undertaken with the TBC domain 
(pfam PF00566) and HMMSCAN to recover sequences.  
For analyses addressing the evolution of NPSN and Syp7, a broader 
eukaryotic sampling and separate phylogenetic methods were used. Homology 
searches were performed using Homo sapiens, Saccharomyces cerevisiae and 
Arabidopsis thaliana sequences; protein sequences from a broad sampling of 
eukaryotes were retained. Positive BLAST hits for each protein of interest were 
aligned using MUSCLE v3.8.31 (Edgar, 2004). Where very similar sequences were 
present from the same or closely related organisms, those that aligned least well 
were removed to limit overrepresentation of some taxonomic groups in the Hidden 
Markov Model (HMM). For each potential orthologue identified by HMMER (e-value 
0.05), reverse BLAST searches were performed as before. Homology search results 
were summarized using Coulson Plot Generator (Field et al., 2013).  
 
Phylogenetic reconstruction:  
 SNARE, Rab and RabGAP datasets were aligned using MAFFT (Katoh et al., 
2005) using the E-INS-i strategy and manually edited in Jalview (Waterhouse et al., 
2009). The alignment was used to generate maximum-likelihood trees in PhyML v3.0 
(Guindon et al., 2010) using the LG model, number of substitution rates – 4/6, 
starting tree – BioNJ, tree topology search - NNI moves and statistics – aLRT SH-
like and bootstrap (100/0 replicates). Bayesian inference was implemented in 
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 MrBayes v3.2 on the CIPRES server (Miller et al., 2010; Ronquist and Huelsenbeck, 
2003), generally with 8 x 106 MCMC generations where convergence was achieved, 
as measured by a splits frequency below 0.01. Substitution models employed for 
inferring trees were selected using ProtTest v3 (Abascal et al., 2005) for PhyML and 
the mixed model for MrBayes. One representative from each well supported clade 
(>0.9, 90, MrBayes, PhyML support respectively) along with a panel of known 
eukaryotic SNAREs, Rabs and TBC Rab-GAPs were analysed to determine 
orthology and define subfamilies. A SNARE panel was created from SNARE 
sequences from Homo sapiens, Saccharomyces cerevisiae, Arabidopsis thaliana, 
Phytopthora sojae and Entamoeba histolytica obtained from SNARE-DB. 
 For Qb and Qc, LECA complement datasets were assembled from the 
searches. Alignments generated for HMMs or phylogenetic analysis were 
constructed using MUSCLE v3.8.31 (Edgar, 2004) and edited using Mesquite 
(Maddison and Maddison, 2015). Maximum likelihood phylogenies were constructed 
using RAxML (Stamatakis, 2014) with the Protein GAMMA model for rate 
heterogeneity, and the LG4X substitution matrix. Values from 100 bootstraps were 
mapped onto the best of 20 topologies constructed from the original alignment. 
Bayesian phylogenetic analysis was performed using MrBayes, and run for 8-10 
million MCMC generations with the Mixed substitution model, and the final average 
standard deviation of split frequencies decreased to less than 0.008. Several trees 
were constructed iteratively for each dataset, with removal of manually selected 
sequences to improve resolution. 
 
Trypanosome cell culture:  
Procyclic culture form (PCF) T. b. brucei Lister 427 were grown as previously 
described (Brun et al., 1979). Expression of plasmid constructs was maintained 
using antibiotic selection at the following concentrations: G418/hygromycinB at 
25μg/ml, blasticidin at 10μg/ml and puromycin at 2μg/ml. 
 
Expression constructs:  
Putative trypanosome SNAREs TbVAMP7C (Tb427.10.790), TbVAMP7A 
(Tb427.2.5120), TbVAMP7B (Tb427.5.3560), TbYkt6 (Tb927.9.14080) were 
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 amplified from T. b. brucei 427 genomic DNA using Hercules DNA polymerase 
(Aligent Technologies).  
For hemagglutinin (HA)-tag fusion, the PCR products containing sequence for 
a C-terminal HA-epitope were cloned into the PCF expression vector pLew79 (Wirtz 
et al., 1999) using AvrII and BamHI (TbVAMP7 isoforms) using the following primers 
(written 5’ to 3’): TTGTGTCCTAGGATGCTTATATCTGCCTCCTT pLewVAMP7A_F, 
ACTCAAGGATCCTTAAGCGTAATCTGGAACATCGTATGGGTACTTTTTGCACTT
GAGGTTAG pLewVAMP7A_R, TTGTGTCCTAGGATGCCCATTAAATATAGTTG
 pLewVAMP7B_F, 
ACTCAAGGATCCTTAAGCGTAATCTGGAACATCGTATGGGTATGACTTGC
AGTTGGAAAAGT pLewVAMP7B_R, 
TTGTGTCCTAGGATGCAGGGAGGAACAAAAAT pLewVAMP7C_F, 
ACTCAAGGATCCTTAAGCGTAATCTGGAACATCGTATGGGTACTTCTTTT
CCTCTTTTTTAC pLewVAMP7C_R 
The PCR product of TbYkt6 was cloned into pHD1034 containing an N-
terminal HA-epitope using HindIII and AflI using the following primers: 
GGCCAAGCTTTATACTCCCTGGCAAT pHD1034Ykt6F, 
CCGTCTTAAGTCACATGACGGTGCAACA pHD1034Ykt6R 
Putative SNARE interactors TbSyx16B (Tb427tmp.211.3920), TbSynE 
(Tb427.03.5570), TbVti1-likeA (Tb427.8.3470), TbVti1-likeB (Tb427.08.1120), 
TbSyx6-like1 (Tb427.10.1830) and TbSyx8-like (Tb427.10.2340) were also similarly 
amplified. For 6x cMyc tagging, the product of each gene was cloned into pRPΔOP 
(with thanks to Dr. Lucy Glover, Institut Pasteur) containing 6x cMyc-epitope using 
HindIII and XbaI using the following primers:  
GCGCGCAAGCTTATGAGCGGGGACGGCGTTGG pRPCTb427.8.1120F, 
GCGCGCTCTAGAAACTTTCCCCAGAAACTTCC pRPCTb427.8.1120R, 
GCGCGCAAGCTTATGGACGATCCAAGTTGGCA pRPCTb427.3.5570F, 
GCGCGCTCTAGATACTTTATGGTACGCAACGA pRPCTb427.3.5570R, 
GCGCGCAAGCTTATGTCGTCTCTGCAAGATCC pRPCTb427.10.1830F, 
GCGCGCTCTAGAACTAAAGACACAATAGAAGA pRPCTb427.10.1830R, 
GCGCGCAAGCTTATGTCTAAACAAGAA 2F_PRP_Tb427.10.2340_C, 
GCGCGCTCTAGAAAGTATTAAAAGCAC 2R_PRP_Tb427.10.2340_C, 
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 GCGCGCAAGCTTATGTCATCTGATCTT 3F_PRP_Tb427.08.3470_C, 
GCGCGCTCTAGACTTCCAAAATACAAT 3R_PRP_Tb427.08.3470_C, 
GCGCGCAAGCTTATGGCGACCCGTGAC 4F_PRP_Tb427.211.3920_C, 
GCGCGCTCTAGAAGACAGCATCTTTTG 4R_PRP_Tb427.211.3920_C, 
Putative interactors TbVps45 (Tb427.10.6780) and TbSly1 
(Tb427tmp.160.0680) were cloned into pMOT vector (Oberholzer et al., 2006) with 
3xV5 tag using the following primers: 
AGGTCCTGTGCACGCCTGCATCGGTGGGACTGGAGTCCTTAACAGTGAAACCT
TCCTGAGCCTGCTAGCAGCGCACGCAGGTACCGGGCCCCCCCTCGAG 
VPS45pMOT_F, 
GTATTTTGGTTTCGTTTATTCATACCACCATGCGGAGGCGCAATGTCCCC
GCCAAAACAGGCGAGGGCGGCACATGGCGGCCGCTCTAGAACTAGTGGAT 
VPS45_pMOT_R, 
GGTTAGTTATGGCTGTACCGCAATGCTGACGGGGAATGAAGCACTGCGC
CAGCTTACTGTTCTTGGTGAAGGAATATCAGGTACCGGGCCCCCCCTCGAG 
Sly1_pMOT_F, 
AAAGCACGTTAGGATAGTATCTGAAAGTGGGAAAACGCCAAATGGCACA
AAGACCAAAACGGCCGGGCCGGTGCTGGCGGCCGCTCTAGAACTAGTGGAT 
Sly1_pMOT_R 
All constructs were verified by sequencing and linearized with NotI prior to 
transfection into cells. Clonal transformants were selected by resistance to antibiotics 
as relevant to each vector and cell line.  
 
Transfection of PCF T. brucei:  
1.6 x 107 cells per transfection were harvested at 4°C, washed in cytomix and 
resuspended in 500μl cytomix. Electroporation was performed with 5-15 μg of 
linearized DNA using a Bio-Rad Gene Pulser II (1.5 kV and 25 μF). Cells were 
transferred to 9.5ml SDM-79 medium and incubated for 6 hours after which selection 
antibiotics were added. The cells were then diluted into 96-well microtiter plates. 
Positive transformants were picked into fresh selective medium 10-15 days post-
transfection. 
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Identification of protein-protein interactions: 
Interactions between VAMP7C (Tb427.10.790) and other trypanosome 
proteins were analyzed by immunoisolation. 5 x 1010 procyclic cells habouring 
VAMP7C tagged at the C-terminus with HA were lysed by mechanical milling in a 
Retsch Planetary Ball Mill PM200 using liquid nitrogen cooling (Retsch, United 
Kingdom). Aliquots of powder were thawed in solubilization buffer (50mM Tris-HCL 
pH8.0, NaCl 100mM, 1% Triton-X100 or CHAPS + 1mM NEM, and 50mM Tris-HCL 
pH8.0, 100mM NaCl, 5mM EDTA, 1% Triton-X100 and/or 0.5% Triton-X114 + 1mM 
NEM). VAMP7C::HA was isolated using Pierce anti-HA magnetic beads. All washes 
were in the same buffer without NEM. Following analysis of an aliquot by SDS-
PAGE, affinity-isolated proteins were precipitated in 90% ethanol (v/v). The 
precipitated samples were trypsinised and analysed by LS-MS2 mass spectrometry 
at the University of Dundee Fingerprints Proteomics Service. Peak lists were 
submitted to ProFound and searched against an in-house T. brucei database using 
data from GeneDB (www.genedb.org). An untagged wildtype cell line treated 
identically served as background control.  
 
Immunofluorescence microscopy:  
Cells were prepared as previously described (Leung et al., 2008). Antibodies 
were used at the following concentrations: rat anti-HA (Roche) 1:1000; mouse anti-
cMyc (SantaCruz Biotech 9E10) 1:500; mouse anti-p67 (James Bangs, University of 
Wisconsin-Madison) 1:1000; rabbit anti-GRASP (Graham Warren, Vienna, Austria) 
1:500 in 20% FCS in PBS (v/v). Wide-field epifluorescence images were acquired 
using a Nikon Eclipse E600 epifluorescence microscope equipped with a 
Hamamatsu ORCA CCD camera, and data captured using MetaMorph (Universal 
Imaging, Marlow, UK).  
 
Western immunoblotting:  
Whole cell lysates in SDS-PAGE sample buffer containing 107cells/lane were 
resolved by SDS-PAGE. Proteins were transferred to polyvinylidene fluoride 
membranes (Millipore) and blocked using 5% semi-skimmed milk. Antigens were 
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 visualised using standard methods. Primary antibody concentrations were: rat anti-
HA (Roche) at 1:10000, mouse anti-cMyc 1:5000. Primary antibody binding was 
detected using anti-IgG horseradish peroxidase (HRP) conjugates (Sigma-Aldrich) at 
1:10000. Detection of HRP-conjugated secondary antibody was by 
chemiluminescence and luminol. 
 
Results 
Confirmation of the LECA complement of Qb and Qc SNAREs:  
Whilst recent analyses have addressed most protein families and subfamilies 
considered here, Qb and Qc SNAREs have not been characterised in a comparable 
way. In particular, there are conflicting views of the distributions of Qb-SNARE Novel 
Plant Syntaxin (NPSN) and the Qc-SNARE Syntaxin of Plants 7 (Syp7) (Sanderfoot 
et al., 2000). As their names imply, both were proposed as plant specific, but other 
studies suggest orthologues in several protist lineages, including Trypanosoma and 
Dictyostelium (Kloepper et al., 2007; Sanderfoot, 2007; Yoshizawa et al., 2006), 
which prompted some authors to suggest that NPSN, at least, was present in the 
LECA (Kienle et al., 2009a). To determine if NPSN and Syp7 orthologs are present 
in non-plant eukaryotes, we performed comparative genomics and phylogenetic 
analysis. Searches returned NSPN and Syp7 candidate orthologs from the genomes 
of most eukaryotes except animals and non-basal fungi (Figure 1). A Qb-SNARE 
phylogeny strongly supports the identity of these putative NPSN orthologues and 
similarly the Qc-SNARE tree strongly supports identity of Syp7 orthologues (Figure 
S2F and G). This analysis suggests that both NPSN and Syp7 were present in the 
LECA and later lost from animals and fungi.  
 
The kinetoplastid complement of trafficking proteins:  
We next considered the genomes of eighteen Euglenids including basal 
bodonids and trypanosomatids. We identified candidate genes for 382 Rabs, 552 
SNAREs and 307 TBC Rab-GAPs. Where possible these were assigned to 
subfamilies by phylogenetic analyses with a reference set of previously defined 
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 sequences from across eukaryotes. Such data are readily available for Rabs and 
TBC Rab-GAPs (Elias et al., 2012; Gabernet-Castello et al., 2013) and were 
prepared here for SNAREs using SNARE repertoires from at least one 
representative of each eukaryotic subgroup, other than the Excavata; Homo sapiens 
and Saccharomyces cerevisiae as Opisthokonta, Dictyostelium discoideum as 
Amoebozoa, Phytopthora sojae as SAR+CCTH and Arabidopsis thaliana for the 
Archaeplastida. We were able to assign a considerable proportion of the 
kinetoplastid representatives of all three families (Figures 2, 3, 4, S2). Moreover, 
86% of LECA SNAREs, 72% of LECA Rabs and 100% of LECA TBC RabGAPs 
were identified in one or more members of the lineage, suggesting that the core 
machinery of trafficking is well conserved (Table 1). Most kinetoplastid proteins were 
assigned by phylogenetic evidence, but three SNARE proteins, Vti1-like, Syx6-like 
and Syx8-like, were assigned only by BLAST and reverse BLAST as phylogenetic 
support was low.  
 
Comparing coding content and trafficking repertoire:  
There is loose correspondence between genome and Rab repertoire sizes 
(Gabernet-Castello et al., 2013). While this may reflect a connection between 
genome and compartmental complexity, the huge diversity within eukaryotes makes 
complexity a difficult parameter to define, and analysing a group of organisms where 
the basic cellular bauplan is well conserved, allows us to re-evaluate this concept 
(Figure S1). The coding content of B. saltans, is considerably larger than the 
parasites, while the excavates N. gruberi and E. gracilis have larger genomes 
(Ebenezer et al., 2017; Fritz-Laylin et al., 2010). In keeping with genome size, B. 
saltans, N. gruberi and E. gracilis possess greater numbers of SNAREs, Rabs and 
TBCs compared to kinetoplastids. Despite comparable coding content for the brucei 
and cruzi group trypanosomes, the latter have larger Rab, TBC and SNARE 
repertoires, suggesting further secondary loss in the former. Even Leishmania spp. 
generally have slightly larger numbers of these proteins, despite smaller predicted 
coding content. Overall, this suggests adaptive shaping of trafficking system gene 
repertoires rather than simply reflecting genome size. 
 
Jo
ur
na
l o
f C
el
l S
ci
en
ce
 •
 A
dv
an
ce
 a
rt
ic
le
 Anterograde trafficking genes are conserved across kinetoplastids:  
The gene complements for SNAREs and Rabs at the kinetoplastid early 
secretory pathway are highly conserved. In opisthokonts, the SNARE complex: Qa-
Syx5, Qb-Bos1, Qc-Bet1 and R-Sec22 mediates ER to Golgi and intra-Golgi 
transport (Hardwick and Pelham, 1992; Newman et al., 1990). A second Syx5 
complex, constituting Qa-Syx5, Qb-Gos1, Qc-Sft1 and R-Ykt6 is thought to 
exclusively mediate COPI transport within the Golgi in animals and fungi 
(Ballensiefen et al., 1998). Whilst Sft1 and Bet1 are two alternate Qc SNAREs acting 
at early anterograde steps (Kloepper et al., 2007), they were unresolved in our 
phylogenies (Figure S2B). It is likely that Bet1 fulfils the requirements of the 
kinetoplastid early secretory pathway as two Bet1 paralogs are present, similarly to 
H. sapiens. Significantly A. thaliana has an expanded set of four (designated as 
Bet11, Bet12, Sft11 and Sft12) and D. discoidium just one. The other SNAREs in 
these complexes are all singletons in kinetoplastids bar some species-specific losses 
(Figure 5A) and duplication of Gos1 in T. congolense. Syntaxin 17 cycles between 
the ER-ERGIC in mammalian cells (Itakura and Mizushima, 2013) and acts in 
autophagosome formation and mitochondrial dynamics (Arasaki et al., 2015; Itakura 
et al., 2012). Syntaxin 17 is generally patchily distributed across eukaryotes and 
absent from all kinetoplastids, signifying a loss since divergence from the 
Heterolobosea. Overall, these data suggest possible differentiation in early secretory 
events, consistent with multiple budding pathways at the trypanosome ER, but also 
indicating lineage-specific evolution of these steps (Sevova and Bangs, 2009). 
The retrograde pathway from the Golgi to the ER is mediated by a complex of 
Qa-Syx18, Qb-Sec20, Qc-Use1, and R-Sec22 in yeast (Dilcher et al., 2003). Except 
Use1, all are conserved across kinetoplastids, bar losses of Syx18 or Sec20 in 
Phytomonas EM1 and HART1 respectively, and duplication of Sec22 in T. theileri 
(Figure 5A). This suggests that canonical retrograde transport systems are present, 
consistent with the presence of a KDEL receptor and ER-retrieval signals on major 
ER proteins (Bangs et al., 1996; Schwartz et al., 2013). 
In opisthokonts the late exocytic SNARE complex is a specific ternary 
complex composed of SynPM-SNAP25-Syb1. SynPM, representing plasma 
membrane syntaxins, is identified across eukaryotes and likely ancient (Dacks and 
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 Doolittle, 2002). SynPM has a complex history in kinetoplastids, with two clear 
paralogs, SynPM1 and SynPM2. L. braziliensis and L. major possess two copies of 
SynPM1 which are closely related lineage-specific duplications. The bodonid T. 
borreli and cruzi group possess a second SynPM2 protein. No trans-membrane 
domain (TM) was detected in SynPM2 of the duplicated SynPM1 genes in L. 
braziliensis and L. major, which are otherwise identical, but for the lack of a TM in 
one paralog. The TM is also lost from the single SynPM1 in L. infantum and L. 
mexicana but retained by L. donovani. The localization of T. brucei SynPM1 
(TbSynPM1) is similar to the TM-containing SynPM1 from L. major, which localises 
close to the flagellar pocket, while as expected the TM-lacking SynPM1 in L. major is 
cytosolic (Besteiro et al., 2006). Overall, this pattern indicates a considerable level of 
species-specific SynPM paralogs, suggesting a common requirement to differentiate 
this pathway. 
 Putative Qbc-type SNAREs are present in B. saltans, T. cruzi and T. grayi, but 
do not cluster with canonical yeast or human Qbc SNAREs, but instead with SAR-
CCTH and Excavate sequences (Figure S2D). The eukaryotic phylogeny of 
synaptobrevins (Figure S2E) is also complex, and the presence of brevins in 
different clusters of diverse taxa indicates that they likely emerged independently in 
several lineages by loss of the longin domain from a ‘VAMP7’. Moreover, unlike 
metazoan brevins, which are truncated at the SNARE domain, longin-less VAMP7 
orthologs have an extended N-terminal domain in Apicomplexa and Euglenozoa, 
indicating a separate origin. A single independently evolved VAMP7 with a 
divergent/undetected longin domain is present in kinetoplastids, and in T. brucei this 
protein TbVAMP7C has an endosomal localization in juxtaposition to Golgi and 
lysosomal markers (Figure 6C) rather than the cell membrane. 
Rab 1, 8 and 18 are present in the predicted LECA cohort and associated with 
anterograde pathways (Elias et al., 2012). Interestingly, Rab8 is lost from all 
kinetoplastids, suggesting differences in post-Golgi trafficking and targeting of 
material to the flagellum/recycling endosome (Huber et al., 1993; Klöpper et al., 
2012). Rab1/18 have a complex history, and paralogous expansion of Rab1 or 18 
may have given rise to two lineage-specific Rabs, KSRX1 and UzRX3, which appear 
across the Euglenids as tandem genes and are also present in the heterolobosids, 
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 but it may be significant that in T. brucei, these proteins have no obvious role in 
trafficking (Natesan et al., 2009). While UzRX3 localisation is similar to Rab1 (early 
secretory pathway), KSRX1 has a more diffuse localisation. Interestingly, B. saltans 
has two additional relatives of the Rab1/18 clade, suggesting further diversification of 
these pathways. 
 
 
Post-Golgi pathway Rabs include Rab4, 14 and 11 and largely well-
conserved, with the exception that Rab14 is lost by the brucei group (Figure 5B). 
This suggests possible further adaptations of endocytic pathways, an important 
mechanism for immune evasion in mammalian infective African trypanosomes. Like 
AP-2 however (Manna et al., 2013), Rab14 is present in the other extracellular 
trypanosomes of the cruzi group (Figure 5B, S20). We also identified a Rab11-like 
protein (Rab11B) which likely arose from duplication of Rab11 at the base of the 
kinetoplastids, but this is only retained by B. saltans, Leishmania spp. and cruzi 
group (Figure 5B, S20). Rab11B may provide additional flexibility in surface 
remodeling, and significantly T. cruzi Rab11 localizes to the contractive vacuole, 
regulating trafficking of trans-sialidase to the plasma membrane (Niyogi et al., 2014). 
Hence kinetoplastid Rab11 and 11B may have distinct functions, as noted for Rab11 
paralogs in mammals and Archaeplastida (Lapierre et al., 2003; Petrželková and 
Eliáš, 2014).  
 
Endocytic, retrograde and lysosomal pathway trafficking:  
We identified four Qa SNARE proteins (SynE1 and 2, Syx16A and B), four Qb 
SNARE (Vti1-like A, B and Npsn A, B), four Qc SNAREs (Syp7A, B, Syx6-like and 
Syx8-like), and four R-SNAREs (VAMP7 A, B, C and D) as orthologs of SNARE 
proteins involved in endosomal, lysosomal and retrograde trafficking pathways. For 
several, multiple paralogs exist, particularly in the basal bodonids and the cruzi 
group (Figure 5A, S3A-D). 
Except B. saltans and T. vivax, SynE1 is present in all kinetoplastids and 
possibly duplicated in the parasitic bodonid T. borreli. SynE2 is also present in all 
kinetoplastids and duplicated in the cruzi group. Two paralogs of Syx16, Syx16A and 
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 B are conserved across kinetoplastids. Thus, both SynE and Syn16 underwent 
duplication at least once early in the lineage evolution. As in the SynPM proteins, all 
Syx16A proteins lack a TMD, while all Syx16B except T. borreli retain the TMD. L. 
braziliensis also shows lineage-specific duplication of Syx16A, a surprisingly 
conserved isoform, which suggests that it must retain a function, and is perhaps a 
regulatory protein. Paralogous Syx16 sequences from other organisms all retain their 
TMD, suggesting loss of the TMD is kinetoplastid-restricted. Notably, the 
Sec1/Munc-like protein (SM) Vps45, which regulates Syn16, is also duplicated at the 
base of the kinetoplastids (Koumandou et al. 2007), and possibly in the LKCA (Last 
Kinetoplastid Common Ancestor), suggesting independent regulation of multiple 
Syn16 complexes. 
 The Qb (2x Vti1, 2x Npsn), Qc (2x Syp7, 2x Syx6-like) and R-SNAREs (4x 
VAMP7) are expanded. Specifically, Qb-NpsnA-2, Qc-Syp7B, R-VAMP7D together 
with Qa-SynPM2 appear to have arisen at the base of the kinetoplastids but retained 
only in bodo and cruzi groups (Figure 5A). These SNAREs are implicated in plasma 
membrane trafficking in plants, suggesting they may mediate a similar pathway on 
the kinetoplastida. In addition, the Syp7B clade also shows evidence for bodo and 
cruzi group-specific expansions.  
 Most SNARE losses are scattered with no obvious pattern, but there are clear 
instances of co-evolutionary loss of components of predicted SNARE complexes. 
SNAREs Qa-SynPM2, Qbc-SNAP25 and R-VAMP7D, which could form a putative 
exocytic complex are all lost. Qb-Vti1-like A2, Qb-NpsnA2, and Qc-Syx6-like2, 
predicted to form complexes with VAMP7, are cioincidentally lost (see Figure 5A). 
Except SNAP-25 (which shows a broader pattern of loss), these are all SNAREs 
derived from kinetoplastid-specific expansions, and likely indicates loss of 
kinetoplastid-specific post-Golgi pathways.  
 Of the endocytic Rabs (Rab 5, 20/24, 21, 22 and 50), kinetoplastids retain 
Rab5, 21 and 24, albeit with Rab24 bodonid restricted (Figure 5). Early endocytic 
Rab5 experienced a single basal duplication in kinetoplastids and both paralogs 
stably retained (Figure S3E), and acquired distinct functions (Pal et al., 2002). This 
contrasts with the fungal Ypt5, which is less well retained, with several instances of 
species or clade-specific expansions and losses (Pereira-Leal, 2008). Rab21 is 
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 generally stable with no major expansion in eukaryotes, but there are at least two 
paralogs at the base of the kinetoplastids (Figure S3E); Rab21 mediates 
intermediate endosomal trafficking in T. brucei, a conserved function with higher 
eukaryotes (Ali et al., 2014). An expanded Rab21 subfamily is only retained by 
bodonids and the cruzi group, suggesting additional endosomal pathways. In 
Phytomonas spp., which have lost Rab21, there is clear minimisation. Rab2 and 6, 
which mainly mediate retrograde trafficking at the Golgi complex, are also stably 
retained. Two copies of Rab2 are present in the bodonids and T. grayi, but cluster 
separately from the canonical Rab2. 
  Rab7, which mediates late endocytic trafficking, is represented by a single 
paralog in trypanosomatids; however, a Rab7-like protein is found in B. saltans and 
T. borreli (Figure 5). Rab28 also has an endosomal function in T. brucei (Lumb et al., 
2011) and except Phytomonads is present across all kinetoplastids. Rab23 and Rab-
like IFT27 (intraflagellar transport protein 27), which are involved in the biogenesis of 
cilia/flagella are both fully retained as expected. Rab32, is involved in the biogenesis 
of lysosome-related organelles (LROs) autophagosome formation in mammalian 
cells (Hirota and Tanaka, 2009), and mitochondrial dynamics (Bui et al., 2010; Ortiz-
Sandoval et al., 2014). In T. cruzi Rab32 is involved in the biogenesis and 
maintenance of acidocalcisomes (Niyogi et al., 2015), and presents complex 
evolution in kinetoplastids, present only in the bodonids and cruzi group, where one 
copy of the canonical Rab32 has undergone (Figure 5B). Many trypanosomes may 
thus have reduced or alternative pathways for autophagosome biogenesis and/or 
mitochondrial dynamics, but by contrast, the emergence of Rab32-like proteins likely 
suggests the development of novel or more complex LROs, particularly in B. saltans 
with up to five Rab32-like proteins. 
 TBCs associated with endosomal Rabs include TBC-B, which acts on Rab2, 
7, 11, and 21 and TBC-D, a GAP for Rab 1, 7, 11 and RabL5 (Fukuda, 2011; 
Gabernet-Castello et al., 2013). This latter TBC is implicated in recycling of VAMP7 
vesicles and endosome to Golgi transport. TBC-B is retained in all kinetoplastids as 
a single copy but lost in the phytomonads. TBC-D is stably retained across all 
eukaryotes with occasional duplications but has multiple paralogs in kinetoplastids 
(Figure 5B). Other TBCs exhibit lineage-specific duplications or losses but there is 
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 no obvious coevolutionary relationship with the Rabs. For example, TBC-F is 
duplicated in bodonids, four of the five Leishmania spp. have duplicated TBC-I (L. 
donovani is missing TBC-I), and T. grayi and T. theileri have two copies of TBC-
RootA. Major TBC losses are present in Phytomonas spp., and all lack TBC-B and 
E, P. serpens and P. HART1 also lack TBC-G, H, I and L, while P. serpens is 
specifically missing TBC-M. These Phytomonad TBC families are small when 
considered relative to the modest Rab complement. 
 
Orphan and unassigned SNAREs, Rabs and TBCs:  
Several sequences could not be unambiguously assigned. Examples include 
lineage-specific KSRabX4, likely a result of a T. brucei-specific duplication: only T. 
brucei and T. gambiense have two neighbouring copies with ~52% identity, while 
remaining species possess one paralog (Figure S3E). KSRabX6 is only found in the 
bodonids and cruzi group and BLAST searches into opistokhonts suggest similarity 
to Rab5 (Figure 5B, S3E). Several other unassigned Rabs are also present in B. 
saltans and T. borreli.  
 Among SNAREs, a tomosyn-like regulatory R-SNARE is present (Figure S2E) 
and exhibits patchy distribution, while an unconventional Longin-domain protein with 
no apparent SNARE domain is patchily distributed. Its structure is reminiscent of 
plant phytolongins, which are derived from VAMP7 (Vedovato et al., 2009) but the 
kinetoplastid protein appears closely related to another R-SNARE, Sec22 (Figure 
S2E). Much of the expansion of lineage-specific paralogs is due to duplication at the 
base of the lineage and asymmetrical retention, highly suggestive of a genome 
duplication event at the kinetoplastid root. 
 
Conserved localisation of R-SNAREs:  
We are, in essence, using phylogeny and orthology as a predictor of function, 
which over 109 years’ divergence between kinetoplastids and opisthokonts, is not 
necessarily valid. For example, associations between orthologous SNAREs within 
specific complexes could have changed over such a great period. To address this 
directly, we tagged VAMP7A, B and C at the C-terminus and Ykt6 at the N-terminus 
to facilitate overexpression in procyclic T. brucei (Figure 6A, B, C and D). All three 
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 VAMP7s are likely largely endosomal. VAMP7A and C are juxtaposed to the 
lysosome with VAMP7A showing occasional overlap and VAMP7B slightly more 
distal from the lysosome. Both VAMP7B and C are juxtaposed to the Golgi and 
appear associated with the Golgi during its duplication (seen as two GRASP-stained 
puncta during cell division). As material building the new Golgi is derived from the old 
Golgi stack (Wang and Seemann, 2011), VAMP7B and C may play a role in this 
transfer given their presence with both the Golgi stacks. The Golgi-SNARE Ykt6 
does co-localise with the Golgi. These localisations are consistent with the behaviour 
of the yeast and human orthologs. 
 
Conservation of VAMP7C interactions:  
To examine VAMP7C interactions we used immunoisolation and mass 
spectrometry. In opisthokonts, VAMP7 forms two complexes, with SynE, Syx8 and 
Vti1B to mediate lysosomal transport and with Syx6, Syx16 and Vti1A for endosomal 
trafficking (Jahn and Scheller, 2006). We consistently identified Vti1-likeA and B, 
Syx8-like, Syx6-like1, Syx16B and SynE (Table 2), a complex composition that is 
also consistent with localisation (Figure 6E). Opisthokont VAMP7 is also implicated 
in plasma membrane trafficking, with Qa-SynPM and Qbc SNARE SNAP-25/23 
(Jahn and Scheller, 2006) and in plants in complex with Qa-SynPM, Qb-Npsn and 
Qc-Syp7 (Suwastika et al., 2008; Zheng et al., 2002). We reproducibly recovered 
TbNpsnA as a candidate VAMP7C interactor, albeit with poor emPAI support, but not 
TbSyp7, suggesting that a different T. brucei VAMP7 (TbVAMP7A or B) is required 
or that the SNARE complex composition for plasma membrane targeting is 
divergent. Therefore, endosomal interactions between VAMP7 and partners are 
apparently conserved with the opisthokont SNARE complexes. 
Discussion 
The kinetoplastids encompass many parasitic species with a particularly 
broad range of niches and life cycles. Surface components are critical to their 
success which is partly reflected within the trafficking system, and our analysis here 
provides a comprehensive view of these processes. The repertoire of Rabs, Rab-
GAPs and SNAREs at the LCKA resembles that predicted for LECA, and the free-
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 living B. saltans possesses the largest repertoire, with several kinetoplastid-specific 
members likely originated in the LCKA. Significantly, we also find that the frequency 
of paralogous pairs is high, which may indicate a whole genome duplication event. 
Rather than a precipitous decrease as kinetoplastids transitioned from free living to 
parasitic forms, there is gradual loss of trafficking genes, and likely corresponding 
pathway simplification (Jackson et al., 2015). Whilst some LECA proteins, e.g. 
SNAP-25, Rab24, 32, TBC-N are lost, a large proportion of losses are of lineage-
specific duplications, originating in the common excavate or LCKA. Hence radical 
intracellular remodelling did not accompany the transition to parasitism. The 
extensive Bodonid repertoire is mainly due to retention of the LECA/LKCA gene 
complement, and the most prominent expansions appear as Syp7, and Rab32. 
The putative common ancestor of African trypanosomes is the single instance 
of coordinated loss of several SNARE complex subunits, specifically post-Golgi 
SNAREs and is accompanied by the loss of Rabs predicted to act in similar 
pathways; phagocytic Rab14 and putative recycling Rab11B. Leishmania and 
trypanosomes have both lost the endosomal Rab32, 21B and 21C, SNAREs Npsn1 
and SNAP25, and TBC-ExA and N. The cruzi group exhibit the greatest degree of 
inter-lineage variation, perhaps reflecting the varied lifestyles and disparate 
hosts/vectors that this group enjoys. Moreover, bodonids and the cruzi group have 
several clade and species-specific gains/losses indicating highly dynamic shaping of 
trafficking genes in these organisms. 
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 Figure 1: Distribution of Qb and Qc SNARE family members across a diverse 
sampling of eukaryotes. Colour-filled circles indicate presence of at least one 
identified orthologue, while empty circles indicate failure to identify any orthologues. 
Gray-filled circles indicate identification in downstream analyses focused specifically 
on kinetoplastid genomes (see Figure 5A). Identified sequences and sources are 
listed in Tables S4-S6. 
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Figure 2: Phylogenetic assignment of kinetoplastid Qa SNAREs. The optimum 
PhyML topology is presented. Node values are iconised as pie charts for three 
support values, representing PhyML approximate likelihood ratio test, PhyML 
Bootstrap and MrBayes posterior probabilities and colour-coded as indicated. Each 
phylogeny shows one representative kinetoplastid SNARE from each sub-type 
(Purple) along with eukaryotic representative SNAREs from Opisthokonta (Blue), 
Amoebozoa (Pink), Archaeplastids (Green), SAR-CCTH (Orange) and Excavata 
(light Purple). Qa SNAREs showing orthology with eukaryotic orthologs for Syntaxin 
18, 5, 16, PM and E.  
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Figure 3: Phylogenetic relationships of kinetoplastid Rabs. The consensus 
Bayesian topology is shown. Nodes are iconised as colour-coded circles according 
to MrBayes posterior probabilities and PhyML approximate likelihood ratio test as 
shown in the key. The figure includes two representative kinetoplastid Rabs from 
each subfamily cluster along with representative Rabs from across eukaryotes. 
Assigned kinetoplastid-specific Rabs are in blue, lineage-specific Rabs in red, 
unassigned orphan Rabs in green, while representative eukaryotic Rabs are black. 
LECS Rabs for which no kinetoplastid orthologs were found (Rabs 8, 22, 34, 50 and 
Titan) were not included in the analysis. Ran is used as outgroup.  
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Figure 4: Phylogenetic relationships of kinetoplastid TBC-domain-containing 
predicted proteins. The optimum PhyML topology is shown. Node values are 
iconised as pie charts as in Figure 4. Each phylogeny shows one representative 
kinetoplastid TBC from each sub-type cluster (Purple) along with eukaryotic 
representative SNAREs from Opisthokonta (Blue), Amoebozoa (Pink), 
Archaeplastida (Green), SAR-CCTH (Orange) and Excavata (light Purple). TBCs – 
B, D, F, L, M and Root A are supported by at least two support values above 
0.9/90/90 and TBCs G, N, K and I have at least one value above 0.9/90/90 
confidence. TBC-Q has two support values above 0.7/70/70 while TBC-ExA has 
even lower support with one value over 0.5/50/50 and one over 0.7/70/70. In the 
latter case this suggest that the clade may not be monophyletic. The protein 
previously described as TBC-E, failed to resolve and is highlighted with an asterisk.  
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Figure 5: Representation of SNAREs, Rabs and RabGAPs in kinetoplastids. 
Individual subtype clades as found in kinetoplastids (assigned to known eukaryotic 
sub-types or lineage-specific) are shown by columns, with taxa shown as rows, with 
the hypothetical last common kinetoplastid ancestor as the lowest row. A schematic 
taxon phylogeny is at left. Black indicates at least one member of the clade was 
found with phylogenetic support of 80/0.5/50 (MrBayes/PhyMlaLRT/PhyMLbootstrap) 
or more; gray indicates lower support but above 50 (MrBayes) or in the case of the 
LKCA, indeterminable presence from given data. SNARE subtypes are shown in 
Figure 5A and are colour-coded as Qa – Purple; Qb – Pink, Qc – Green, Qbc – 
Gray; and R – Light purple. Subtypes with single asterisks indicate that assignment 
was via BLAST only due to unresolved phylogeny. Rab and RabGAPs are shown in 
Figure 5B.  
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 Figure 6: Sub-cellular localisation of T. brucei R-SNAREs. Panels A - D: Myc-
tagged TbVAMP7A (A), HA-tagged TbVAMP7B (B), TbVAMP7C (C) and TbYkt6 (D) 
in procyclic cells are shown. Localisation of each SNARE (red) is shown relative to 
markers (green) for the endoplasmic reticulum (TbBiP) (top), the lysosome (p67) 
(middle) and the Golgi complex (TbGRASP) (bottom). The nucleus and kinetoplast 
are stained with DAPI and pseudocoloured in blue. Tags were visualised with rat 
anti-c-myc antibody or rat anti-HA antibody as appropriate. Panel E: Localisation of 
candidate TbVAMP7C interactors. HA-tagged VAMP7C (red), is shown relative to 
putative interactors tagged with myc (top five rows) and V5 (lower two rows), in 
green. The nucleus and kinetoplast were stained with DAPI. VAMP7C was stained 
with rat anti-HA, SNARE interactors were stained with mouse anti-c-myc antibody 
and non-SNARE interactors were stained with mouse anti-V5 antibody. Scale bar is 
2µm.  
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 Tables 
 
Table 1: Extent of conservation of LECA trafficking family proteins in 
kinetoplastids. Putative LECA subtypes of each protein family is presented along 
with those that were not identified in kinetoplastids. In the final column, proteins 
predicted to be the last kinetoplastid common ancestor (LKCA) but not in LECA are 
shown. These include proteins predicted to be derived from expansion of LECA 
proteins. Numbers in parentheses indicate the number of copies present. 
 
Family LECA repertoire 
Total in 
LECA 
Absent from 
kinetoplastids 
Retentio
n 
non-LECA 
proteins  
SNAREs  20  
18/21 
(86%) 
 
Qa 
Syx18, Syx5, 
Syx16, SynE, 
SynPM, Syx 17  
Syx17 
 
Qa1, Syx16 (2) 
Qb 
Sec20, Bos1, 
Gos1, Vti1, Npsn 
 none  
Vti1-like (3), Npsn 
(3) 
Qc 
Use1, Bet1, 
Syx6, Syx8, 
Syp7 
 Use1  
Bet1 (2), Syp7 
(2), Syx6-like (2) 
Qbc SNAP-25  Very restricted   
R 
Sec22, Ykt6, 
VAMP7, R.reg 
 none  VAMP7 (4) 
      
Rab 
1, 2, 4, 5, 6, 7, 8, 
11, 14, 18, 20/24, 
21, 22, 23, 28, 
32A/B, 34, 50, 
RTW, IFT27, 
Titan 
22 
8, 22, 32B, 34, 
50, Titan 
16/22 
(72%) 
Rab11-like, Rab32-
like, Rab21 (2), 
KSRX1, UzRX3, 
KSRX4 
      
TBC 
B, D, E, F, I, L, 
M, N, Q, RootA 
10 none 
10/10 
(100%) 
ExA (2) 
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 Table 2: Proteins identified as potential VAMP7C interactors. Data are arranged by rank 
order emPAI. Bold indicates an interaction validated by co-immunofluorescence (Figure 6). 
All experiments and identifications were confirmed in a total of four biological replicates. 
 
Accession ID 
# of 
peptides 
emPAI Family 
Tb427.10.790 
Handle-
VAMP7C 
10 5.74 SNARE 
Tb09.211.3920 Qa-Syx16B 10 1.98 SNARE 
Tb427.03.5570 Qa-SynE 7 1.27 SNARE 
Tb427.10.1830 Qc2a-Syp7B 6 1.25 SNARE 
Tb427.08.3470 
Qb2-Vti1-like 
A 
6 1.22 SNARE 
Tb427.08.1120 
Qb3-Vti1like 
B 
2 0.87 SNARE 
Tb427.10.2340 Qc3-Syx8-like 2 0.67 SNARE 
Tb427.10.6780 VPS45 10 0.67 
SM 
protein 
Tb427.10.9950 Qa-Syx18 4 0.32 SNARE 
Tb427.10.14200 Qa-Syx5 3 0.28 SNARE 
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Figure	S1.	Representation	of	SNARE,	Rab	and	TBC	coding	sequences	in	selected	eukaryotic	genomes	
and	kinetoplastids.	Genomes	are	arranged	by	phylogenetic	relationships.	The	five	classically	
recognised,	sensu	Adl	2005,	eukaryotic	super	groups	and	each	sub-group	of	kinetoplastida	are	colour-
coded	according	to	the	colour	key	on	either	side	of	the	dividing	dashed	line	respectively.	Blue	symbols	
and	solid	line	represent	the	total	coding	content	of	the	respective	organism	by	total	number	of	
predicted	ORFs	(reads	are	shown	on	the	y-axis,	right).	Numbers	of	SNARE,	Rab	and	TBC	ORFs	are	
represented	by	dark,	medium	and	light	gray	bars	respectively	(x-axis,	left).	
	
Adl, S. M., Simpson, A. G. B., Farmer, M. A., Andersen, R. A., Anderson, O. R., Barta, J. R., Bowser, S. S., Brugerolle, G., Fensome, R. A., Fredricq, S. et al. (2005). The 
new higher level classification of eukaryotes with emphasis on the taxonomy of protists. J. Eukaryot. Microbiol. 52, 399-451. 
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Figures S2. Phylogenetic assignment of kinetoplastid SNAREs (A-C), SNAP-25 (D) and 
synaptobrevins (E) and Qb (F) and Qc SNAREs (G) confirming NPSN and Syp7 were part 
of the LECA complement. Best PhyML topology of Qb (S2A) and Qc (S2B), and best Bayesian 
topology of R (S2C) SNARE phylogeny is presented. Node values are iconised as pie charts for 
three support values each representing PhyML approximate likelihood ratio test, PhyML 
Bootstrap and MrBayes posterior probabilities and colour-coded as shown in the key. Each 
phylogeny shows one representative kinetoplastid SNARE from each sub-type cluster (Purple) 
along with eukaryotic representative SNAREs from Opisthokonta (Blue), Amoebozoa (Pink),
Archaeplastids (Green), SAR-CCTH (Orange) and Excavata (light Purple). In S2A, Qb SNAREs 
showing orthology with eukaryotic orthologs for Gos1, Npsn, Sec20 and Bos1. Qb2 and Qb3 
are putative Vti SNAREs on the basis of BLAST and reverse BLAST into H. sapiens and S. 
cerevisiae genomes as well as our proteomic data. In S2B, Qc SNAREs showing orthology with 
Bet1 and Syp7 and a putative QbcSNARE is shown. Qc2, 3 and 4 have not been sufficiently 
confidently placed. In S2C, R-SNAREs showing orthology with eukaryotic Ykt6, Sec22 and 
VAMP7. R1-SNARE can be deduced to be an R.reg Tomosyn-like SNARE from the sequence 
length and domain structure, but its orthologs are not presented due to formation of long 
branches, possibly because of the derived nature of the proteins. Note Sec22-like protein has 
no SNARE domain but only a single longin domain. Figure S2D shows the best PhyML topology 
rooted on Qb-Gos1 sequences is present. Eukaryotic representative SNAP-25like SNAREs 
identified in Opisthokonta (Blue), Amoebozoa (Pink), Archaeplastids (Green), SAR-CCTH 
(Orange) and Excavata (light Purple) are shown. Note expansions in archaeplastids and 
opisthokonts are lineage specific. Higher-level relationships between clusters is not resolved, 
but presence of several separate clusters indicates divergence of sequences in different 
lineages. Kinetoplastid Qbc-like sequences are found to cluster with representative 
stramenopile sequences (A. astacii and P. sojae), marked with a vertical line. Figure S2E shows 
all R-SNARE synaptobrevin domain (IPR01388) containing sequences from selected eukaryotic 
representatives were analysed. PhyML bootstrap and Bayesian analyses were inconclusive due 
to very low supports and unresolved relationships respectively so only the PhyML aLRT 
analysis is shown. Statistical support at key nodes are presented as circles filled in in gray-scale 
according to the key shown. Eukaryotic representative sequence are colour-coded as 
Opisthokonta (Blue), Amoebozoa (Pink), Archeplastids (Green), SAR-CCTH (Orange) and 
Excavata (light Purple). Sec22 and Ykt6 are conserved compared to other VAMPs. R.reg forms 
long branches likely due to derived nature of the sequences. ‘Brevin’-like VAMPs, lacking the N-
terminal longin domain are marked with an asterisk (*). Their presence in different clusters 
indicates a likely convergent lineage specific evolution. Robust reconstruction of an NPSN (F) 
and Syp7 (G) clade, including sequences from all supergroups, confirms the ancient origin of 
NPSN and Syp7. Accession numbers and sources are listed in Tables S4-S6. 
J. Cell Sci. 130: doi:10.1242/jcs.197640: Supplementary information
Jo
ur
na
l o
f C
el
l S
ci
en
ce
 •
 S
up
pl
em
en
ta
ry
 in
fo
rm
at
io
n
0.4
Syn18_Tb92
1652Tg_NOD
1037BSA796
1757TvY486
1608Tcss_L
1013BSA221
1115GSEM1T
Syn5_Tb927
Syn16A_Tb9
1355Ps_Loc
1545TcCLB.
1459Tbrr_L
1732Tt_Loc
1009BSA142
1261LmjF.2
1541TcCLB.
1415Tbg972
1768TvY486
1477Tbrr_L
1297LmxM.3
1031BSA602
1231LinJ.2
1730Tt_Loc
1609Tcss_L
1436Tbg972
1650Tg_NOD
1179LbrM.3
1643Tg_NOD
1137GSHART
1278LmxM.0
1004BSA114
1416Tbg972
1172LbrM.3
1170LbrM.2
1209LdBPK_
1176LbrM.3
1134GSHART
SynE_Tb927
Qa1_Tb927.
1546TcCLB.
1571TcIL30
1144GSHART
1117GSHART
1089GSEM1T
1270LmjF.3
1501TcCLB.
1303LmxM.3
1639Tg_NOD
1376Ps_Loc
1597Tcss_L
1092GSEM1T
1708Tt_Loc
1219LinJ.1
1743Tt_Loc
1128GSHART
1262LmjF.2
1430Tbg972
1497TcCLB.
1139GSHART
1512TcCLB.
1299LmxM.3
1598Tcss_L
1765TvY486
1296LmxM.2
1636Tcss_L
1758TvY486
1260LmjF.2
1489Tbrr_L
1272LmjF.3
1417Tbg972
1241LinJ.3
1301LmxM.3
1655Tg_NOD
SynPM_Tb92
1122GSHART
1369Ps_Loc
1453Tbrr_L
1018BSA341
1616Tcss_L
1203LdBPK_
1360Ps_Loc
1359Ps_Loc
1094GSEM1T
1596Tcss_L
1114GSEM1T
1483Tbrr_L
1232LinJ.2
_1670Tg_NO
1267LmjF.3
1701Tt_Loc
1207LdBPK_
1249LmjF.1
1582TcIL30
1104GSEM1T
1485Tbrr_L
1234LinJ.3
1174LbrM.3
1672Tg_NOD
1487Tbrr_L
1738Tt_Loc
1594TcIL30
1735Tt_Loc
1754TvY486
1200LdBPK_
1446Tbg972
1575TcIL30
1205LdBPK_
1201LdBPK_
1346Ps_Loc
1466Tbrr_L
1168LbrM.2
1265LmjF.3
1759TvY486
1611Tcss_L
1188LdBPK_
1515TcCLB.
1167LbrM.2
1433Tbg972
1737Tt_Loc
1612Tcss_L
_1674Tg_NO
1564TcIL30
1554TcCLB.
1153LbrM.1
1177LbrM.3
1236LinJ.3
1648Tg_NOD
Syn16B_Tb9
1720Tt_Loc
1567TcIL30
1239LinJ.3
1283LmxM.1
1576TcIL30
1368Ps_Loc
0.762
0.872
0.278
0.963
0.797
0.743
0.903
0.659
0.557
0.829
0.952
0.979
1
0
0.762
0
0.827
0.835
0.997
0.826
0.998
0
0.982
0.994
0.843
0.976
0.772
0.961
0.999
0.725
0.4
0.971
0.996
0.927
0.955
0.982
0
0.83
0.34
0.805
0.736
0.987
0.915
0.921
0.994
0.926
0.909
0.988
0.484
0.659
0.917
0.889
0.937
0.772
0.846
0.997
0.985
0.921
0.764
0.762
0.601
0.999
0.896
0.928
0.834
0.822
0.817
0.829
0
0.949
0.982
0.965
0.813
0.858
0.663
0.837
0
0.576
0.712
0.993
0.893
0.915
0.579
0.983
0.779
0.994
0.787
0.323
0.675
0.393
0.811
0
0.537
0.886
0.994
0.794
0.902
0.869
0.495
0.977
0.91
0
0.952
0.808
0.964
0.845
0.433
0.04
0.954
0.141
0.732
0.961
0
0.258
0.822
0.878
0.569
0.933
0.777
0.765
0.883
0.911
0
0.531
0.981
0.865
0.298
0
0.991
1
0.809
0.953
SynPM1
Syn18
Syn16B
SynPM2
Syn16A
Qa1
Syn5
SynE
Syn18
SynPM
0.5
1286LmxM.1
1251LmjF.1
1626Tcss_L
1098GSEM1T
1573TcIL30
1557TcCLB.
add7_BS351
1766TvY486
1030BSA562
1551TcCLB.
1568TcIL30
1751TvY486
1449Tbrr_L
1151LbrM.1
1107GSEM1T
1255LmjF.2
1017BSA340
add3_1703T
1039BSA835
1138GSHART
sec20_Tb92
1592TcIL30
1491Tbrr_L
1135GSHART
Qb4a_Tb927
1589TcIL30
1178LbrM.3
1682Tg_NOD
1614Tcss_L
1221LinJ.1
1717Tt_Loc
1109GSEM1T
1125GSHART
1163LbrM.2
1280LmxM.1
1019BSA387
Qb3_Tb927.
1247LmjF.1
1156LbrM.1
1625Tcss_L
GosR1_Tb92
1494TcCLB.
1181LdBPK_
1676Tg_NOD
1212LinJ.0
1762TvY486
1271LmjF.3
add1_BS921
1457Tbrr_L
1132GSHART
1362Ps_Loc
Qb4b_Tb927
1448Tbrr_L
1579TcIL30
1632Tcss_L
1029BSA553
nf1110GSEM
1378Ps_Loc
1124GSHART
1148LbrM.0
1211LinJ.0
1347Ps_Loc
1244LmjF.0
1606Tcss_L
1112GSEM1T
1162LbrM.2
1186LdBPK_
1562TcIL30
1503TcCLB.
1462Tbrr_L
1600Tcss_L
1129GSHART
1246LmjF.1
1658Tg_NOD
1478Tbrr_L
1744Tt_Loc
1480Tbrr_L
1599Tcss_L
1184LdBPK_
1734Tt_Loc
1349Ps_Loc
1374Ps_Loc
1750TvY486
1190LdBPK_
1538TcCLB.
1442Tbg972
1637Tg_NOD
1116GSEM1T
1225LinJ.2
1520TcCLB.
Qb1_Tb927.
1214LinJ.1
add6_1653T
1345Ps_Loc
1101GSEM1T
1550TcCLB.
1256LmjF.2
1291LmxM.2
1426Tbg972
nf1667Tg_N
1375Ps_Loc
1602Tcss_L
1502TcCLB.
1150LbrM.1
1654Tg_NOD
1290LmxM.2
1440Tbg972
1111GSEM1T
1131GSHART
1361Ps_Loc
1226LinJ.2
1240LinJ.3
1698Tt_Loc
1182LdBPK_
1646Tg_NOD
1147LbrM.0
1432Tbg972
1723Tt_Loc
1003BSA078
1208LdBPK_
1566TcIL30
1675Tg_NOD
1441Tbg972
1281LmxM.1
1537TcCLB.
Qb2_Tb927.
add5_Tbrr_
1443Tbg972
1243LmjF.0
1302LmxM.3
1276LmxM.0
1742Tt_Loc
1420Tbg972
1736Tt_Loc
1275LmxM.0
1733Tt_Loc
1194LdBPK_
1591TcIL30
1627Tcss_L
1764TvY486
1217LinJ.1
1195LdBPK_
0.868
0.79
0.723
0
0.977
0.567
0.929
0.933
0.948
0.829
0.539
0.85
0.8 2
0.445
0.879
0.576
0.85
0.783
0.899
0.99
0.151
0.989
0.761
0.984
0.656
0.715
0.827
0.646
0.971
0.767
0.807
0
0.886
0.837
0.826
0.827
0.71
0.409
0.819
0.772
0.824
0.784
0.339
0.837
0.822
0.183
0.849
0.819
0.981
0
0.955
0
0.841
0.766
0.847
0.917
0.779
0.827
0.996
0.406
0.405
0.992
0.883
0.937
0.843
0.855
0.831
0.944
0.593
0.912
0.999
0.789
0.26
0
0.99
0
0.998
0.104
0.906
0
0.965
0.921
0.403
0.731
0.863
0.876
0.809
0.791
0.833
0.104
0.618
0.997
0.862
0.746
0.999
0.96
0.848
0.937
0.944
0.783
0.963
0.877
0.502
0.94
0.28
0.998
0.602
0.908
0
0.835
0.902
0.176
0.756
0.969
0.791
0.993
0
0.694
0.997
0.783
0.917
0
0.934
0.98
0.843
0.256
0.886
0.655
0.459
0.778
0.994
0.753
0.848
0.902
0.599
0.772
0.84
0.757
0.912
0.773
Qb2
Qb3
Sec20
Qb4b
Qb3
Gos1
Qb4a
Bos1
0.4
1577TcIL30
1721Tt_Loc
1011BSA155
1187LdBPK_
1293LmxM.2
1604Tcss_L
Bet1B_Tb92
1002BSA063
add9_1622T
1683Tg_NOD
1431Tbg972
1119GSHART
1021BSA428
1242LmjF.0
1102GSEM1T
1222LinJ.2
1023BSA451
1618Tcss_L
1710Tt_Loc
1634Tcss_L
add1_BS713
1257LmjF.2
1097GSEM1T
Qc1b_Tb927
1233LinJ.2
1490Tbrr_L
1753TvY486
add3_BS243
1223LinJ.2
1146LbrM.0
1555TcCLB.
1218LinJ.1
1463Tbrr_L
1118GSHART
1444Tbg972
1418Tbg972
1488Tbrr_L
1158LbrM.2
1421Tbg972
1142GSHART
1090GSEM1T
1377Ps_Loc
1628Tcss_L
1159LbrM.2
1740Tt_Loc
1613Tcss_L
1696Tt_Loc
Qc3_Tb927.
1367Ps_Loc
1748TvY486
1032BSA610
1435Tbg972
1469Tbrr_L
1656Tg_NOD
1678Tg_NOD
1127GSHART
1105GSEM1T
1363Ps_Loc
1279LmxM.0
1096GSEM1T
1287LmxM.2
1662Tg_NOD
1248LmjF.1
1180LdBPK_
1661Tg_NOD
1005BSA126
Bet1A_Tb92
add6_Tg_NO
1152LbrM.1
Qc2a_Tb927
1191LdBPK_
add10_1651
1252LmjF.2
1558TcCLB.
1379Ps_Loc
1542TcCLB.
1552TcCLB.
1709Tt_Loc
1722Tt_Loc
add4_BS772
1253LmjF.2
add2_BS555
1756TvY486
1492Tbrr_L
1012BSA155
1422Tbg972
1196LdBPK_
1500TcCLB.
1642Tg_NOD
1366Ps_Loc
1526TcCLB.
Qc1A_Tb927
1763TvY486
1715Tt_Loc
1121GSHART
1282LmxM.1
1095GSEM1T
1192LdBPK_
1760TvY486
1534TcCLB.
1481Tbrr_L
1227LinJ.2
1263LmjF.2
1126GSHART
1197LdBPK_
1288LmxM.2
add8_1357P
1684Tg_NOD
1228LinJ.2
1535TcCLB.
1274LmxM.0
1699Tt_Loc
1106GSEM1T
1258LmjF.2
1583TcIL30
1202LdBPK_
1633Tcss_L
1635Tcss_L
1580TcIL30
1700Tt_Loc
1624Tcss_L
1484Tbrr_L
1015BSA273
add7_Ps_Lo
1210LinJ.0
1294LmxM.2
1164LbrM.2
1530TcCLB.
1171LbrM.2
1165LbrM.2
1657Tg_NOD0.627
0.988
0.994
0.753
0
0.987
0.817
0.746
0.695
0.808
1
0.917
0.645
0.942
0.835
0
0.257
0.909
0
0.984
0.921
0.952
0.705
1
0.926
0
0.563
0.297
0.984
0.709
0.234
0.819
0.864
0.96
0.842
0
0.645
0.77
0.921
0.979
0.965
0.257
0
0.775
0.189
0
0.768
0.761
0.85
0.289
0.721
0
0.996
0.942
0.709
0.953
0
0.906
0.768
0.987
0.882
0.933
0.872
0.856
0.714
0.969
0.855
0.992
0.917
0.785
0.998
0.935
1
0.889
0.946
0.5980.79
0.754
0.885
0.965
0.691
0.96
0.564
0.982
0.528
0.822
0.955
0.92
0.618
0.814
0
0.988
0.865
0.99
0.756
0.908
0.911
0.871
0.913
0.329
0.922
0.988
0.963
0.853
0.271
0.998
0.801
0.848
0.962
0.599
0.806
0
0.825
0.924
0
0.935
0.808
0.988
0.967
0.488
0.9
0.787
0.921
0.865
0.384
0.983
0.764
0
0.727
Qc1b
Qc3
Qc4
Bet1B
Qbc
Qc2a
Bet1A
Qc1a
0.4
1556TcCLB.
1425Tbg972
1665Tg_NOD
1238LinJ.3
1438Tbg972
1470Tbrr_L
1160LbrM.2
1617Tcss_L
1285LmxM.1
1300LmxM.3
1659Tg_NOD
1523TcCLB.
1175LbrM.3
1024BSA456
1620Tcss_L
1269LmjF.3
1724Tt_Loc
1601Tcss_L
1266LmjF.3
1388Tb927.
1113GSEM1T
1193LdBPK_
1259LmjF.2
1100GSEM1T
1358Ps_Loc
1350Ps_Loc
1250LmjF.1
1419Tbg972
1143GSHART
1183LdBPK_
1149LbrM.0
1220LinJ.1
1352Ps_Loc
add1_1595T
1747TvY486
1694Tg_NOD
1027BSA543
1026BSA513
1022BSA431
1511TcCLB.
1213LinJ.0
1630Tcss_L
1486Tbrr_L
1474Tbrr_L
1093GSEM1T
1663Tg_NOD
1099GSEM1T
1605Tcss_L
1697Tt_Loc
1353Ps_Loc
1673Tg_NOD
1229LinJ.2
1475Tbrr_L
1254LmjF.2
1155LbrM.1
1706Tt_Loc
1189LdBPK_
1123GSHART
1298LmxM.3
1371Ps_Loc
1739Tt_Loc
1514TcCLB.
1235LinJ.3
1103GSEM1T
1393Tb927.
1166LbrM.2
1623Tcss_L
1509TcCLB.
1008BSA141
1245LmjF.0
1414Tbg.97
1689Tg_NOD
1581TcIL30
1713Tt_Loc
1522TcCLB.
1429Tbg972
1204LdBPK_
1398Tb927.
1173LbrM.3
1403Tb927.
1010BSA150
1539TcCLB.
1767TvY486
1447Tbg972
add2_1745T
1718Tt_Loc
1224LinJ.2
1133GSHART
1198LdBPK_
1578TcIL30
1295LmxM.2
1411Tb927.
1755TvY486
1465Tbrr_L
1277LmxM.0
1136GSHART
1206LdBPK_
1727Tt_Loc
1289LmxM.2
1761TvY486
1587TcIL30
1383Tb927.
1130GSHART
1014BSA262
0
0.994
1
0.888
0.14
0.772
0.605
0.854
0.793
0.598
0.943
0.706
0.754
0.918
0.734
0.861
0.939
0
0.741
0.986
0.714
0.895
0.628
0
0.379
0.997
0.916
0.9
0.98
0.973
0.13
0.746
0.847
1
0.787
0
0.732
0.619
0.988
0.818
0.829
0.999
0.837
0.994
0.76
1
0.625
0.956
0.998
0.747
0.842
0.118
0.536
0.8
0.964
0.959
0.16
0
0
0.917
0.875
0.999
0.979
0.926
0.91
0.642
0
0
0
0.967
0.791
0.744
0.919
0.746
0.891
0.739
0.854
0
0.826
0
0.607
0.996
0.856
0.948
1
0
0.889
0.824
0.626
0.853
0.843
0. 75
0.997
0.989
0.877
0.687
0.707
0
0.419
0.845
0.542
0.917
Rreg/joelR1
sec22
RIIIa/vamp7a
ykt6
RIV/vamp7c
RIV/vamp7b
Rreg/joelR1
A                                                                                                      B                                                                                   C                                                                                       D
FigureS3
0.3
1847LbrM_21_087_3_158
3346Tbrr_Locus__17_172
1871LdBPK_02023_18_172
1879LdBPK_10126_4_155
1916LinJ_10_125_8_163
3372Tbrr_Locus__208_355
3744Tt_Locus_13_88_192
3373Tbrr_Locus__14_164
1837LbrM_10_127_9_164
1864LbrM_32_350_1_143
3597Tcss_Locus__42_197
1149BSA18640_1_1_152
2006LmxM_27_076_2_157
3749Tt_Locus_15_6_161
3624Tg_NODE_204_126_281
3368Tbrr_Locus__26_178
3390Tbrr_Locus__116_267
3661Tg_NODE_658_1411_1566
3453TcCLB_50957_4_155
3302Tbg972_6_28_8_163
1161BSA32425_1_1_153
3415TcCLB_50628_4_159
3012Ps_Locus_72_46_196
3410TcCLB_50503_28_181
3439TcCLB_50871_1_143
3762Tt_Locus_24_31_186
1798GSEM1T00008_1_156
3392Tbrr_Locus__144_276
3490TcIL3000_0__39_191
3647Tg_NODE_491_395_550
3468TcCLB_51124_56_211
3324Tbrr_Locus__7_142
3347Tbrr_Locus__66_221
3642Tg_NODE_459_602_757
3819TvY486_0800_2_157
1962LmjF_18_113_7_162
3293Tbg972_11_1_1_143
3619Tg_NODE_196_1134_1278
3337Tbrr_Locus__29_184
1979LmjF_33_184_4_159
3376Tbrr_Locus__13_168
1784GSEM1T00002_1_144
1862LbrM_32_224_1_156
3250Tb927_11_15_1_156
1995LmxM_10_117_4_155
1940LinJ_32_341_1_143
1175BSA59005_1_3_158
3497TcIL3000_10_7_162
3481TcIL3000_11_13_168
3284Tbg972_10_1_9_164
3803Tt_Locus_85_11_166
3615Tg_NODE_158_1123_1274
3822TvY486_0804_2_157
1929LinJ_29_009_1_154
1808GSHART1T000_35_187
1134BSA08540_1_3_158
3524Tcss_Locus__32_187
2994Ps_Locus_16_1_99
1870LbrM_35_657_1_156
3259Tb927_4_422_31_183
3388Tbrr_Locus__10_165
3563Tcss_Locus__75_230
1919LinJ_14_082_101_256
1956LmjF_13_022_19_169
3605Tg_NODE_112_148_300
3482TcIL3000_11_1_156
3240Tb927_10_12_9_164
1928LinJ_27_062_2_157
3812TvY486_0304_1_154
1829GSHART1T000_1_155
1820GSHART1T000_7_162
1807GSHART1T000_4_158
2016LmxM_31_321_1_143
3255Tb927_2_213_21_174
3576Tcss_Locus__10_161
1778GSEM1T00001_2_157
3561Tcss_Locus__28_183
3336Tbrr_Locus__34_189
1955LmjF_10_117_4_155
1776GSEM1T00000_22_177
1936LinJ_32_052_2_157
1924LinJ_18_114_7_162
3281Tbg972_10_1_3_158
3613Tg_NODE_155_768_923
3488TcIL3000_0__2_157
3801Tt_Locus_78_43_198
2014LmxM_31_203_1_156
3002Ps_Locus_30_23_178
1840LbrM_14_074_99_254
3003Ps_Locus_33_97_252
3813TvY486_0403_37_189
3839TvY486_1116_1_156
3498TcIL3000_10_1_154
3429TcCLB_50779_1_154
3655Tg_NODE_563_80_235
3544Tcss_Locus__47_202
3829TvY486_1001_1_154
3516TcIL3000_8__1_141
3470TcCLB_51127_3_158
3806Tt_Locus_94_31_186
3409TcCLB_50474_1_155
3621Tg_NODE_199_10_165
1802GSHART1T000_8_163
3826TvY486_0905_1_156
1898LdBPK_32052_2_157
3437TcCLB_50844_13_168
3381Tbrr_Locus__9_164
3449TcCLB_50945_6_161
2995Ps_Locus_18_1_123
3650Tg_NODE_522_156_311
3389Tbrr_Locus__25_180
1811GSHART1T000_7_157
3495TcIL3000_0__23_176
1147BSA17790_1_9_118
3378Tbrr_Locus__19_174
3484TcIL3000_11_10_160
3805Tt_Locus_90_17_172
1861LbrM_32_202_18_173
1170BSA51225_1_20_175
1817GSHART1T000_2_157
2004LmxM_25_142_5_160
1903LdBPK_33194_4_159
1779GSEM1T00001_8_163
1132BSA07920_1_15_170
1890LdBPK_27062_2_157
1895LdBPK_31089_30_182
1976LmjF_32_203_1_156
2982Ps_Locus_10_55_205
3338Tbrr_Locus__20_175
3815TvY486_0602_8_163
1908LdBPK_36651_2_157
3251Tb927_11_16_1_143
3241Tb927_10_15_1_154
2998Ps_Locus_26_624_778
3517TcIL3000_8__3_158
1902LdBPK_32341_1_143
1169BSA51145_1_13_168
2003LmxM_21_079_3_158
3374Tbrr_Locus__21_176
3292Tbg972_11_1_1_156
1957LmjF_14_076_100_255
1131BSA07915_1_5_160
1994LmxM_10_116_8_163
3313Tbg972_8_84_34_186
1971LmjF_31_086_30_182
1918LinJ_13_022_18_168
3804Tt_Locus_86_1_116
3571Tcss_Locus__61_211
1834LbrM_07_062_1_155
1915LinJ_10_096_1_156
2017LmxM_32_184_4_159
3266Tb927_8_433_1_156
3629Tg_NODE_257_410_565
3249Tb927_11_15_13_168
1951LmjF_07_056_1_155
3658Tg_NODE_609_212_367
1818GSHART1T000_1_142
1961LmjF_18_089_1_156
3308Tbg972_8_44_8_163
2986Ps_Locus_13_24_179
3480TcIL3000_11_2_157
1133BSA08015_1_1_139
3307Tbg972_8_40_1_156
1152BSA23430_1_2_157
1887LdBPK_21087_3_158
3309Tbg972_8_44_4_155
1783GSEM1T00002_5_155
3651Tg_NODE_535_1_99
1989LmxM_07_056_1_155
3584Tcss_Locus__25_176
1172BSA56070_1_1_152
3788Tt_Locus_60_60_198
3653Tg_NODE_539_121_273
3532Tcss_Locus__83_238
3503TcIL3000_10_43_197
1139BSA12065_1_28_183
1126BSA00345_1_351_506
3245Tb927_10_85_3_158
3397Tbrr_Locus__37_188
1838LbrM_10_128_4_155
1129BSA04415_1_21_175
3355Tbrr_Locus__34_189
3748Tt_Locus_15_14_118
3719Tt_Locus_10_58_213
3821TvY486_0804_8_163
3290Tbg972_11_1_2_157
3782Tt_Locus_54_46_199
1891LdBPK_29009_1_154
3679Tg_NODE_973_33_184
1963LmjF_21_079_3_158
3659Tg_NODE_617_1158_1313
1900LdBPK_32216_1_156
1793GSEM1T00005_7_162
1794GSEM1T00006_2_157
9112BS07385_1_7_161
1964LmjF_25_142_5_160
1780GSEM1T00001_4_155
1782GSEM1T00002_1_156
3834TvY486_1012_8_163
3572Tcss_Locus__20_175
3515TcIL3000_8__1_156
1931LinJ_30_171_8_163
1913LinJ_07_061_1_155
3455TcCLB_50980_9_164
1153BSA25835_1_177_328
1937LinJ_32_193_26_181
3463TcCLB_51091_2_157
3466TcCLB_51104_2_157
3425TcCLB_50697_1_152
3387Tbrr_Locus__37_187
1804GSHART1T000_4_155
3322Tbrr_Locus__11_166
3616Tg_NODE_180_35_190
3310Tbg972_8_45_2_157
1768GSEM1T00000_1_154
2009LmxM_30_086_30_182
3666Tg_NODE_721_80_235
3285Tbg972_10_1_1_154
3625Tg_NODE_220_438_591
1966LmjF_27_076_2_157
3445TcCLB_50896_2_157
3627Tg_NODE_229_528_683
9113BS71825_1_19_171
3273Tb927_9_110_1_79
3771Tt_Locus_38_93_248
3672Tg_NODE_869_47_202
3526Tcss_Locus__51_204
3354Tbrr_Locus__628_783
3478TcCLB_51171_1_156
3601Tg_NODE_101_51_206
1993LmxM_10_091_1_156
1877LdBPK_10096_1_156
1975LmjF_32_184_26_181
3261Tb927_6_304_8_163
3657Tg_NODE_576_299_450
3502TcIL3000_10_1_156
3420TcCLB_50661_1_153
1990LmxM_08_29__1_154
3539Tcss_Locus__34_176
1885LdBPK_18089_1_156
1156BSA27275_1_6_161
2012LmxM_31_049_2_157
3492TcIL3000_0__2_157
3340Tbrr_Locus__22_177
1144BSA12250_1_10_165
2997Ps_Locus_21_57_212
1836LbrM_10_101_1_156
3507TcIL3000_3__1_154
3565Tcss_Locus__19_174
1917LinJ_10_126_4_155
1938LinJ_32_216_1_156
3808TvY486_0024_2_157
1154BSA25840_1_7_162
3542Tcss_Locus__152_307
1886LdBPK_18114_7_162
1815GSHART1T000_1_154
1954LmjF_10_116_8_163
3772Tt_Locus_47_676_818
3312Tbg972_8_51_2_157
3277Tb927_9_159_121_276
3267Tb927_8_461_8_163
3456TcCLB_50989_24_176
3291Tbg972_11_1_48_203
3594Tcss_Locus__24_179
1997LmxM_14_076_100_255
3675Tg_NODE_887_395_550
1880LdBPK_13022_18_168
2001LmxM_18_089_1_156
1781GSEM1T00001_9_164
1158BSA27720_1_1_155
3299Tbg972_3_83_6_161
3323Tbrr_Locus__1_134
3673Tg_NODE_871_468_618
3258Tb927_3_555_1_154
1985LmxM_02_026_18_172
3527Tcss_Locus__85_240
1996LmxM_13_022_18_168
3316Tbg972_9_65_1_156
3588Tcss_Locus__13_168
3614Tg_NODE_157_51_206
3778Tt_Locus_52_64_219
3385Tbrr_Locus__1_153
1854LbrM_29_267_18_168
3280Tbg_972_2_7_21_174
1865LbrM_33_211_4_159
3638Tg_NODE_426_156_311
1165BSA35135_1_1_154
1137BSA11065_1_7_157
3256Tb927_3_112_6_161
1127BSA01975_1_22_174
3438TcCLB_50846_1_156
3271Tb927_8_814_34_186
3295Tbg972_11_5_10_160
1909LinJ_02_023_18_172
1852LbrM_29_010_1_154
1148BSA18370_1_105_260
3268Tb927_8_462_4_155
1893LdBPK_30171_8_163
1881LdBPK_14082_101_256
1849LbrM_25_205_5_160
3809TvY486_0200_4_157
3414TcCLB_50622_8_158
3371Tbrr_Locus__231_383
3590Tcss_Locus__21_176
3489TcIL3000_0__8_163
3835TvY486_1104_10_160
3402TcCLB_50368_8_163
1946LinJ_36_651_2_157
1823GSHART1T000_18_163
1821GSHART1T000_2_157
3747Tt_Locus_14_2_157
3300Tbg972_4_43_31_183
3635Tg_NODE_414_180_335
3551Tcss_Locus__81_233
3820TvY486_0803_1_156
3426TcCLB_50702_8_163
1775GSEM1T00000_2_157
3382Tbrr_Locus__478_633
3483TcIL3000_11_1_143
1888LdBPK_25146_5_160
3004Ps_Locus_34_31_186
1953LmjF_10_091_1_156
3491TcIL3000_0__1_110
1797GSEM1T00007_7_157
1828GSHART1T000_22_177
1777GSEM1T00001_1_156
3592Tcss_Locus__10_165
1933LinJ_31_089_30_182
1799GSHART1T000_1_156
3253Tb927_11_45_10_160
3394Tbrr_Locus__20_175
3598Tcss_Locus__22_174
3005Ps_Locus_38_54_209
3557Tcss_Locus__81_236
3792Tt_Locus_66_12_167
3733Tt_Locus_12_169_322
1855LbrM_30_175_8_163
3752Tt_Locus_16_28_180
9111BS14300_1_1_138
1805GSHART1T000_9_164
2993Ps_Locus_16_48_199
1878LdBPK_10125_8_163
3793Tt_Locus_68_113_268
1925LinJ_21_087_3_158
1140BSA12070_1_15_170
1969LmjF_30_171_8_163
3298Tbg972_3_62_1_154
3633Tg_NODE_362_23_178
1157BSA27625_1_97_252
3282Tbg972_10_1_62_216
3369Tbrr_Locus__24_176
1824GSHART1T000_5_155
3391Tbrr_Locus__63_214
1143BSA12085_1_3_158
1947LmjF_02_026_18_172
2022LmxM_36_625_2_157
1827GSHART1T000_2_157
2002LmxM_18_113_7_162
1845LbrM_18_123_7_162
3568Tcss_Locus__34_189
1978LmjF_32_321_1_143
1899LdBPK_32193_26_181
3269Tb927_8_477_2_157
3593Tcss_Locus__63_218
1941LinJ_33_194_4_159
1844LbrM_18_095_1_156
3008Ps_Locus_48_60_215
1984LmjF_36_625_2_157
1851LbrM_27_085_2_157
1967LmjF_29_009_1_154
3248Tb927_11_13_2_157
3754Tt_Locus_17_25_176
1806GSHART1T000_1_156
3021Ps_Locus_96_44_199
3272Tb927_8_890_2_157
3786Tt_Locus_58_67_222
3636Tg_NODE_418_1076_1231
9110BS47120c_1_1_156
1173BSA56320_1_6_155
3810TvY486_0300_6_161
1830LbrM_02_029_18_113
3334Tbrr_Locus__9_164
1790GSEM1T00004_4_158
3720Tt_Locus_10_2_153
2007LmxM_29_171_8_163
3833TvY486_1008_2_157
1974LmjF_32_049_2_157
1926LinJ_25_146_5_160
3403TcCLB_50371_2_157
1923LinJ_18_089_1_156
1167BSA42375_1_1_151
2013LmxM_31_184_18_173
3721Tt_Locus_10_45_200
3345Tbrr_Locus__32_171
1146BSA14955_1_13_168
3380Tbrr_Locus__1_81
3553Tcss_Locus__14_169
3506TcIL3000_3__6_161
3352Tbrr_Locus__13_168
1875LdBPK_07061_1_155
2985Ps_Locus_11_112_267
3413TcCLB_50615_1_156
1860LbrM_32_060_2_157
1163BSA32600_1_1_156
1857LbrM_31_102_30_182
3009Ps_Locus_55_1_138
1141BSA12075_1_36_191
59
100
100
96
100
100
100
100
99
89
100
100
61
98
100
100
98
72
99
74
97
60
100
100
85
100
87
96
63
55
92
52
94
100
97
100
100
96
62
65
87
62
100
99
93
92
100
61
100
100
100
92
99
100
63
96
61
99
78
95
94
96
100
100
100
92
100
100
100
78
1 0
70
100
65
82
82
100
100100
61
100
100
100
98
100
100
50
100
100
93
100
93
68
100
91
89
99
100
Rab32
Rab18
Rab21
Rab23
Rab5A
Rab32-likeC
KSRabX4
X
Ran
Rab1
UzRabX3
Rab7
Rab14
Rab4
Rab32-like A
Rab6
Rab32
Rab1
Rab11
KSRabX1
Rab2
Rab-like5
Rab32 like B
Rab5B
Rab-like4
KSRabX3
Rab-like2
Rab28
                     E
0.5
1134LmjF.3
1426TvY486
1432TvY486
1004BS1749
1131LmjF.3
1142LmxM.2
1074GSHART
1081LbrM.2
1102LdBPK_
1381Tg_NOD
1382Tg_NOD
1226Tbg972
1366Tg_NOD
1124LmjF.1
1138LmxM.0
1207MTb927
1132LmjF.3
1431TvY486
1243Tbrr_L
1232Tbg972
1406Tt_Loc
1152LmxM.3
1443lep_g0
1121LinJ.3
1266TcBECL
1288TcIL30
1327Tcss_L
1295TcIL30
1401Tt_Loc
1018BS6811
1395Tt_Loc
1071GSHART
1413Tt_Loc
1210Q2Tb92
1008BS2941
1445lep_g0
1086LbrM.3
1249Tbrr_L
1444lep_g0
1147LmxM.2
1221Tbg.97
1017BS6636
1408Tt_Loc
1410Tt_Loc
1267TcBECL
1233Tbg972
1367Tg_NOD
1091LbrM.3
1394Tt_Loc
1319Tcss_L
1151LmxM.3
1227Tbg972
1386Tg_NOD
1324Tcss_L
1143LmxM.2
1089LbrM.3
1215ITb927
1014BS5235
1285TcIL30
1321Tcss_L
1224Tbg972
1360Tg_NOD
1250Tbrr_L
1423TvY486
1208LTb927
1219GTb927
1185Ps_Loc
1144LmxM.2
1060GSEM1T
1228Tbg972
1059GSEM1T
1447lep_g0
1109LinJ.2
1419TvY486
1269TcBnEC
1012BS5015
1137LmjF.3
1122LmjF.0
1073GSHART
1112LinJ.2
1244Tbrr_L
1114LinJ.3
1296TcIL30
1280TcBnEC
1093LdBPK_
1281TcBnEC
1241Tbrr_L
1104LdBPK_
1234Tbg972
1399Tt_Loc
1287TcIL30
1148LmxM.2
1116LinJ.3
1389Tg_NOD
1123LmjF.1
1214FTb927
1223Tbg972
1009BS3194
1153LmxM.3
1254TcBECL
1078LbrM.1
1411Tt_Loc
1003BS1255
1253TcBECL
1361Tg_NOD
1067GSEM1T
1128LmjF.2
1265TcBECL
1385Tg_NOD
1428TvY486
1002BS0919
1440lep_g0
1400Tt_Loc
1298TcIL30
1397Tt_Loc
1092LdBPK_
1412Tt_Loc
1339Tcss_L
1402Tt_Loc
1425TvY486
1065GSEM1T
1283TcBnEC
1075GSHART
1149LmxM.3
1379Tg_NOD
1209RootAT
1218BTb927
1446lep_g0
1427TvY486
1070GSHART
1140LmxM.1
1396Tt_Loc
1184Ps_Loc
1333Tcss_L
1133LmjF.3
1387Tg_NOD
1268TcBnEC
1264TcBECL
1278TcBnEC
1108LinJ.1
1150LmxM.3
1393Tt_Loc
1237Tbrr_L
1245Tbrr_L
1442lep_g0
1001BS0452
1216D3Tb92
1080LbrM.2
1212D1Tb92
1105LdBPK_
1111LinJ.2
1436lep_g0
1094LdBPK_
1297TcIL30
1088LbrM.3
1097LdBPK_
1183Ps_Loc
1125LmjF.2
1294TcIL30
1375Tg_NOD
1409Tt_Loc
1077LbrM.1
1341Tcss_L
1188Ps_Loc
1220HTb927
1390Tg_NOD
1273TcBnEC
1187Ps_Loc
1258TcBECL
1271TcBnEC
1251Tbrr_L
1368Tg_NOD
1066GSEM1T
1062GSEM1T
1015BS5567
1076LbrM.0
1084LbrM.3
1083LbrM.2
1316Tcss_L
1069GSHART
1098LdBPK_
1230Tbg972
1318Tcss_L
1095LdBPK_
1120LinJ.3
1255TcBECL
1186Ps_Loc
1260TcBECL
1085LbrM.3
1139LmxM.0
1107LinJ.1
1082LbrM.2
1242Tbrr_L
1115LinJ.3
1016BS5663
1277TcBnEC
1272TcBnEC
1433lep_g0
1019BS8389
1430TvY486
1252TcBECL
1061GSEM1T
1068GSEM1T
1263TcBECL
1126LmjF.2
1383Tg_NOD
1119LinJ.3
1259TcBECL
1434lep_g0
1145LmxM.2
1238Tbrr_L
1011BS4983
1110LinJ.2
1100LdBPK_
1213D2Tb92
1376Tg_NOD
1079LbrM.2
1005BS1755
1284TcIL30
1407Tt_Loc
1421TvY486
1217ETb927
1424TvY486
1256TcBECL
1129LmjF.2
1282TcBnEC
1275TcBnEC
1328Tcss_L
1286TcIL30
1072GSHART
1235Tbrr_L
1136LmjF.3
1225Tbg972
1063GSEM1T
1370Tg_NOD
1118LinJ.3
1291TcIL30
1417Tt_Loc
1099LdBPK_
1007BS1901
1365Tg_NOD
1058GSEM1T
1236Tbrr_L
1231Tbg972
1135LmjF.3
1322Tcss_L
1064GSEM1T
1418Tt_Loc
1240Tbrr_L
1276TcBnEC
1117LinJ.3
1127LmjF.2
1103LdBPK_
1211Q1Tb92
1146LmxM.2
1292TcIL30
1010BS3380
1222Tbg972
1246Tbrr_L
1343Tcss_L
1261TcBECL
1090LbrM.3
1289TcIL30
1398Tt_Loc
1279TcBnEC
1290TcIL30
1096LdBPK_
1113LinJ.2
1429TvY486
1340Tcss_L
1435lep_g0
1130LmjF.3
1320Tcss_L
1087LbrM.3
1441lep_g0
1342Tcss_L
1101LdBPK_
1248Tbrr_L
1369Tg_NOD
1334Tcss_L
1422TvY486
1270TcBnEC
1262TcBECL
1229Tbg972
1437lep_g0
1420TvY486
1392Tg_NOD
1274TcBnEC
1141LmxM.1
1106LinJ.0
1257TcBECL
0.386
0.882
0.874
0.949
0.77
0.616
0.764
0.775
0.104
0.95
0.838
1
0.976
0.194
0
0.819
0
0.887
0.3
0.849
0.872
0.904
0.886
0
0
0
0.93
0.985
0.225
0.129
0.94
0.832
0.567
0.464
0.711
0
0.992
0.982
0
0.646
0.996
0.848
0.302
0.902
1
0.904
0
0.722
0
0.616
0.769
0.979
0.779
0.91
0.922
0.313
0.987
0
0.737
0.898
0.818
0.623
0.721
0.952
0.995
0.933
0.972
0.905
0.983
0.996
0.889
0.323
0.939
1
0.667
0.975
0.903
0.66
0.74
0.58
0.66
0.998
0.451
0.885
0.923
0.919
0
0.68
0.374
0.715
0.686
0.899
0.845
0.994
0.822
0.996
0.922
0.618
0.962
0.96
0.942
0.791
0.754
0.87
0.096
0.849
0.73
0.783
0.984
0.997
0.952
0
0.357
0.963
0.962
0.927
0.983
0.998
1
0
0.891
0.963
0.298
0.962
0.766
0
0.754
0
0.92
0.955
0.75
1
0.975
0.879
0.783
0.624
0.993
0.889
0.956
0.415
0.859
0.984
0.765
0
0.635
0.059
0.73
0.976
0.997
0.972
1
0.835
0
0.994
0.999
0.947
0.184
0.9520.79
0.947
0.805
0.325
0.613
0.852
1
0.223
0.99
0.851
0.891
0.645
0.278
0.955
0.884
0.917
0.811
0.845
0.857
0.911
0.828
0.993
1
0.51
0.994
0.868
0.878
1
0.893
1
0.993
0.892
0.982
0.921
0.795
0.792
0.816
0.803
0.811
0.954
0.943
0.995
0.388
0
0.425
0.309
0.741
0.81
0.892
0.77
0
0.991
0.758
0.998
0.951
0.978
0.85
0.685
0.744
0.54
0.39
0.843
0.996
0.595
0.58
0.845
0.964
0.977
0.836
0.738
0.176
0.998
0.997
0.004
0.996
1
0.776
0.997
0.955
0.974
0.534
0.076
0.989
0.98
0.821
0.813
0.789
0.823
0.704
0.903
0.754
0.999
0.175
0.825
0.866
1
0.957
1
0.171
0.976
0
0.935
0.747
1
0
0.8
0
0.979
0.901
0.92
0.665
0.843
0.999
0.944
0.997
1
0.916
0.997
0.916
0.97
0.999
0.738
0.607
0.975
0.114
0.933
0.966
0.963
0.995
0.755
0.92
D2
G
Q2
Q1
ExA1
D3
H
Q3
E
N
B
ExA2
M
L
F
I
N
RootA
D1
F
Figure S3A-F. Phylogenetic tree of kinetoplastid SNAREs (A-D), Rabs (E) and TBCs 
(F). PhyML topology of all kinetoplastid Qa (S3A), Qb (S3B), Qc (S3C) and R (S3D) SNAREs 
is shown. PhyML approximate likelihood ratio test values are shown at nodes, and clades 
are labelled with assigned identity on branches. T. brucei IDs are shown in red. In S3E, 
MrBayes topology of all kinetoplastid Rab sequences is shown. Mr Bayes posterior 
probabilities (100) are indicated at nodes and clades are labelled with assigned identity on 
branches. In S3F, PhyML topology of all kinetoplastid TBC RabGAPs is shown. PhyML 
approximate likelihood ratio test values are shown at nodes, and clades are labelled with 
assigned identity on branches. 
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Table S1. Accession numbers. Sequences in each dataset (Rab, TBC, and SNARE) were 
given unique 4-digit ID codes that can be cross-referenced with the trees to check sub-family 
assignment and the fasta files to pull out the sequence. 
Table S2. Raw data from proteomic analysis. Raw data of mass spectrometry results 
from four buffer conditions as described in methods. WT = results from untagged cell line, 
790 = results from TbVAMP7C::HA. 
Table S4. Qb and Qc SNAREs identified in a diverse sampling of eukaryotes. 
Accession numbers and annotations are listed for sequences identified through a 
combination of homology searching and phylogenetics analysis, as described in the 
methods.  Sheet 1: Qb, sheet 2: Qc. Sources of sequence data are listed in Table S4 
Table S3. Protein sequence data accessed for analysis of Qb and Qc SNARE LECA 
complement. Resources are listed by species name.  References to relevant publications 
are also included as appropriate. 
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